PURPOSE To address the increasing burden of cancer in Nigeria, the National Cancer Control Plan outlines the development of 8 public comprehensive cancer centers. We map population-level geospatial access to these eight centers and explore equity of access and the impact of future development.
INTRODUCTION
The incidence of cancer is increasing in Nigeria, including a doubling of the incidence of breast cancer between 1999 and 2009. 1, 2 To address the growing burden, a National Cancer Control Plan (NCCP) has been developed as a framework to guide cancer control policy and service delivery. 3 A priority of the NCCP (2018-2022) is improving access to cancer care through investment in a network of public comprehensive cancer centers. These centers have been proposed to provide coverage to each of the 6 geopolitical zones in Nigeria.
Comprehensive cancer centers often anchor many components of a country's cancer control program, while coordinating with peripheral sites for routine care delivery. 4 They are designed to provide centralized access to a full complement of multidisciplinary clinical care, including ambulatory care, diagnostic radiology, pathology and laboratory medicine, surgery, radiation therapy, systemic cancer therapy, and palliative or supportive care. 4 One of the priorities of the NCCP (2018-2022) is to strengthen 8 existing facilities to fulfill this role in Nigeria. All 8 facilities currently deliver on-site systemic cancer therapy (eg, traditional cytotoxic chemotherapy), diagnostic imaging, elective cancer surgery, and histopathology. However, access to radiotherapy and the full complement of diagnostic services is lacking. 5, 6 Access to health care is dependent on services being physically accessible, affordable, and acceptable to the target population. 7 In low-and middle-income countries, such as Nigeria, physical distance from a health care facility remains one of the most important determinants of access. 8 This is particularly true for contemporary cancer care, which often requires numerous visits to a health care facility. We constructed a geoinformation system model to analyze geospatial access to the 8 public comprehensive cancer centers outlined in the NCCP (2018-2022). This analysis explores the concept of equity of access to cancer care in Nigeria.
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METHODS
Geographic Information System Data
The 8 public comprehensive cancer centers outlined in the NCCP report are listed along with the location (ie, latitude, longitude) in Appendix Table A1 and are depicted along with the 6 geopolitical zones in Figure 1 . The comprehensive cancer centers were geolocated using Google Earth (Google, Mountain View, CA). A 100-m 2 population-density grid, produced by the WorldPop Project of the GeoData Institute, was used to model national population data. 9 This was based on the 2006 census adjusted to match the United Nation's national population estimates for 2010. Analyses used national population estimates, as well as estimates for individuals living on , US$2 per day. A geolocated national road network was obtained from OpenStreetMap (OpenStreetMap Foundation, Cambridge, United Kingdom). Roads were classified as primary (ie, national highways, connecting major cities), secondary (ie, intrastate roads), and tertiary (ie, minor roads, unpaved roads or tracks). Road data were cleaned and topographically verified using ArcMAP v10 (Esri, Redlands, CA). Road speed data were based on national traffic laws and verified by one of the authors. Road speeds were designated as 80, 50, and 30 kmh −1 for primary, secondary, and tertiary roads, respectively.
Measuring Access
Travel time estimates were generated using cost-distance analyses. This method calculates the cumulative travel time associated with traveling from any geographic location within the study area to the nearest comprehensive cancer center along the fastest possible route. A 100-m 2 gridded cost surface was constructed using the national road network, weighted by speed limit. Cells without roads were assigned a value corresponding to a walking speed of 5 kmh −1 . Access was defined as the proportion of the population within 1, 2, and 4 hours of travel time to the nearest comprehensive cancer center. The population distributions of travel time were then calculated for each of Nigeria's 6 geopolitical zones to explore geographic disparities. Finally, we conducted the same analysis to examine access among the proportion of the population living on , US$2 per day. Pearson's χ 2 test with an α = .05 was used to determine the significance of differences in access between regions and income.
RESULTS
Travel time to the nearest public comprehensive cancer center in Nigeria is depicted in Figure 2 . At the population level, 68.9% of individuals have access to a comprehensive cancer center within 4 hours of continuous vehicular travel. At 1 and 2 hours of travel, geospatial access is 15.5% and 36.0%, respectively. Access at all 3 time thresholds for each geopolitical zone is outlined in Table 1 and mapped in CONTEXT Key Objective How many Nigerians have access to public facilities earmarked to deliver comprehensive cancer care? We constructed a geoinformation system model to analyze access to the 8 public comprehensive cancer centers outlined in the National Cancer Control Plan (2018-2022). Knowledge Generated More than 113 million Nigerians are within 4 hours of a public hospital designated to offer comprehensive cancer care.
However, there is a significant difference in geospatial access between geopolitical zones. Investment in an additional comprehensive cancer center in the North East would improve access by 26%-30%, affecting 7.6 million individuals across the north of the country.
Relevance
The majority of Nigerians have reasonable, albeit heterogenous, access to a public comprehensive cancer center. Significant variability in geospatial access may produce divergent outcomes based on place of residence. Defining and measuring access in the Nigerian context is essential to the delivery of equitable and cost-effective cancer care. Table 2 .
There is a significant difference in the access between geopolitical zones at 1, 2, and 4 hours of continuous travel (P , .001). Within 1 hour of travel, 45.9% of the population in the South West has access to a comprehensive cancer center. This is followed by the South East (9.9%) and the North West (8.7%). The North East geopolitical zone has the lowest coverage at all-time points (4.9%, 10.6%, and 31.4% at 1, 2, and 4 hours, respectively). At 4 hours of continuous travel, the population-level access in the North East is significantly lower than in the South East (31.4% v 85.0%, respectively; P , .001). This is outlined in To address the lack of access in the North East, the costdistance model was modified to measure access to the University of Maiduguri Teaching Hospital plus 1 of 2 remaining federal teaching hospitals in the geopolitical zone, Abubakar Tafawa Balewa University Teaching Hospital (ATBUTH) or Federal Teaching Hospital Gombe (FTHG). As an additional comprehensive cancer center, ATBUTH increases 4-hour access in the North East by 26.7% (P , .001). If FTHG is designated a comprehensive cancer center, access in the North East increases by 30.3% (P , .001). However, when examined across all 3 northern geopolitical zones, designating ATBUTH as a comprehensive cancer center was associated with a greater absolute increase. The addition of ATBUTH extended 4-hour access to an additional 7.6 million individuals across the northern 3 geopolitical zones. This is captured in Figure 4 .
DISCUSSION
More than 113 million Nigerians are within 4 hours of a public hospital designated to offer comprehensive cancer care. However, this analysis suggests that there is significant variability in access between geopolitical zones. In the South West and South East, the proportion of the population with 4-hour access is almost triple that in the North East. Mean travel time to the nearest comprehensive cancer center is also longer in the North East compared with elsewhere in the country. The North East seems to be an outlier in geospatial access, which reflects its large size, its position as a border state, and the relative isolation of its sole comprehensive cancer center (ie, University of Maiduguri Teaching Hospital). Investment in one of the remaining tertiary care, federal teaching hospitals (ie, ATBUTH or FTHG) in the North East would significantly increase access to cancer care services in this underserviced region. Our analysis suggests that the creation of a comprehensive cancer center at ATBUTH would result in the greatest increase in absolute access across all 3 northern geopolitical zones.
The highly variable population-level access between geopolitical zones, particularly between north and south, has the potential to produce divergent outcomes for patients with cancer of similar need. A systematic review by Ambroggi et al 10 has previously demonstrated that both distance and time have a negative impact on treatment, prognosis, and quality of life for patients with a variety of cancers. Among women living within 50 km of a tertiary care facility in South Africa, the risk of advanced breast cancer presentation was 1.25-fold (95% CI, 1.09 to 1.42) higher per 30 km. 11 In Nigeria, a multicenter study by Jedy-Agba et al 12 failed to demonstrate a relationship between self-reported travel time and stage of breast cancer at presentation once adjusted for education and religion (odds ratio, 1.50; 95% CI, 0.59 to 3.83; P = .396). Our analysis did not examine the relationship between travel time and cancer-specific outcomes. However, the cost-distance model could be used to explore the relationship between geospatial access and outcomes in subsequent analyses. This has not been rigorously examined in Nigeria.
In this study, we constructed a cost-distance model to estimate geospatial access. This is particularly important in settings with poor road infrastructure, where distance alone may underestimate the travel burden. Travel time is associated with costs that are an important component of the full economic burden of cancer care. These costs are inherently regressive because they are not proportional to an individual's ability to pay. In Nigeria, this adds a significant burden to the out-of-pocket cost associated with care delivery. 13 The degree to which travel burden affects health care utilization is captured by the distance-decay effect, which is the inverse relationship between health care utilization and distance. 14 The distance-decay effect has been demonstrated for inpatient and outpatient care, regardless of age, sex, or illness acuity across sub-Saharan Africa, including Nigeria. [14] [15] [16] [17] We calculated access at both the population level and at a common income threshold associated with poverty because there is evidence that income level mitigates the impact physical distance has on access. 14 The travel time thresholds (ie, 1, 2, and 4 hours) used in this study are not associated with specific outcomes. However, it is important to consider that private vehicle ownership in Nigeria remains low. 18 Four hours (1 way) of continuous travel is a conservative estimate of a full day's travel (ie, during daylight hours) based on the poor state of the road infrastructure and the significant security concerns across much of the country. It is also grounded in work by Moïsi et al 19 from East Africa, which suggests that hospital admissions can decrease to , 5% after 4 hours of travel, assuming a constant 27% decay per 30 minutes of vehicular travel.
Comprehensive cancer centers are not intended to fulfill all components of cancer care for a region or country. This is particularly relevant when one considers the impact travel burden has on access. For many components of cancer care, patients will benefit from management at local health facilities that are integrated into the oversight and care delivery provided by a centralized facility. However, for specialized services that are best centralized, such as radiotherapy, travel time and its impact on accessibility and affordability must be considered.
This analysis measures access from a single variablegeospatial proximity. However, access is best examined as an interaction between the following 3 interdependent variables: accessibility, affordability, and acceptability. Improving access begins by defining a set of measurable, context-specific parameters, upon which evidence-based health policy can guide additional investment and health system development. An accurate understanding of the true burden of disease is critical to this process. As recommended by the NCCP, populationbased cancer registries must be expanded with an emphasis on total case ascertainment and quality control. A basic understanding of access is also contingent on a detailed assessment of available capital (eg, human, material, financial 20 a better understanding of the financial burden of cancer care also needs to be determined by large, prospective studies.
There are several limitations of this study. The relationship between geospatial access and income is much more complex than captured in our simple income analysis. Individuals with sufficient means will travel to where the required care is provided and, in some cases, will seek care outside the country. This subset of the population will be significantly less constrained by physical distance, and this is not captured. Our analysis is also limited to the 8 public comprehensive cancer centers outlined in the NCCP, which does not capture cancer care delivered at other public or private facilities. The landscape of cancer care delivery is evolving rapidly in Nigeria, and the changing operational capacity of the 8 centers is not captured in this assessment. An objective of the NCCP is to increase capacity by 50% across the comprehensive cancer centers by 2022. 3 Our analysis examined access to all 8 centers as offering equally comprehensive care, which will require significant additional investment to achieve.
As the burden of cancer increases in Nigeria, improving access to safe, affordable, and high-quality cancer care is a priority. The Federal Ministry of Health endorses a cancer control plan that has targeted investment in 8 public comprehensive cancer centers. Strengthening these centers will allow the majority of Nigerians to access the full complement of multidisciplinary care within a reasonable time frame. However, there exists significant variability between geopolitical zones, which may contribute to divergent outcomes based on place of residence. As the cancer control system matures and expands, measuring access will be essential to deliver equitable, cost-effective health policy and development.
